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Abstract: User footprint left in Virtual Learning Environments (VLE) can be used to monitor the 
learning process, to reduce dropout rates by identifying risk cases, to ensure and improve quality, 
and could be precursor of the, so persecuted, adaptive or personalized learning. All of this has 
opened a new field of research in education called Learning Analytics (LA). The objective of the 
present work is to apply LA methodology for analyzing the behavior of students with regards to 
Moodle activities and resources with the final aim of improving learning outcomes. The data 
collected from the Moodle platform are analyzed in spreadsheets, without help of any specific tool, 
and compared for the last three academic years. Specifically, results of general activity, 
visualization of educational videos, parameters related to solve different questionnaires and use of 
other learning resources are here presented and discussed. 
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1. Introduction 
Educational platforms, such as Moodle or BlackBoard, have become the habitual University 
environment of communication between students and teachers, where multimedia resources are 
easily distributed. Thanks to new functionalities, such as forums, wikis or questionnaires, they are 
increasingly also used for learning and evaluation purposes. In this Virtual Learning Environments 
(VLE), each user leaves a digital footprint of their activities that can be analyzed and processed to 
establish patterns of behavior or learning and can be used to inform the student and the teacher 
about the learning progress, even to predict the final success [1]. All this has opened a new field of 
research, Learning Analytics (LA) whose potential is only beginning to be glimpsed at present [2–4]. 
The present work applies LA to find the most influential factors on learning outcomes. 
Specifically, the data collected during the last three academic years from the Moodle platform are 
here presented for the subject of Engineering Thermodynamics. 
2. Materials and Methods 
The present study has been carried out with students of the subject “Engineering 
Thermodynamics and Fundamentals of Heat Transmission” of the Degree in Engineering of 
Industrial Technologies at the University of Zaragoza. Specifically, data from the academic courses 
2015–2016, 2016–2017 and 2017–2018 will be compared. 
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Figure 1 summarizes the work of the student in the subject, both for laboratory sessions and 
master classes, indicating in red the assessment activities. The teaching methodology follows the 
flipped classroom model in some extent (see details Ref. [5]). 
 
Figure 1. Summary of student’s activities. 
Since most of the evaluation and a lot of learning activities are done through Moodle, there is a 
large amount of available information that can be used to monitor the teaching-learning process. 
In the following section, the data recorded during the last three academic years are presented 
and compared (further details in Refs. [6,7]). 
3. Results 
Global activity in Moodle can be found in the menu Administration/Reports/Statistics. Views 
include passive user activities, while Messages refer to active user responses [8]. The graphs of 
Figure 2 show the results of the last three courses from September to February. 
 
Figure 2. Global activity in Moodle Platform. 
A total of 20 teaching videos are currently being used in the subject. The results obtained from 
the opinion surveys carried out on the students were very positive and were analyzed in detail in 
previous publications [6,9]. The percentage of students who have seen at least once the video and the 
average number of visualizations per student are show in Figure 3. 
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Figure 3. Summary about the use of educational videos. 
Table 1 show the student’s participation and time dedicated to solve questionnaires for 
assessment (5% of final grade) and self-assessment (not compulsory). Regarding the former, the 
spent time has been reduced more than 50%, while the mean grade has risen 2 points. Taking into 
account the final success, it could be said that there have been bad practices in this activity. 
As for the self-assessment questionnaires, the percentage of students who made at least one 
attempt is 10 percentage points higher during the 2016–2017 course, although the number of 
attempts per student is lower than in the previous course. 
Table 1. Questionnaires for assessment (cols. 2–6): percentage of students (S), number of attempts 
per students (A/S), time spent in each attempt (T/A), time spent per question (T/Q) and mean grade. 
Questionnaires for self-assessment (cols. 7–9): total attempts (A), percentage of students (S) and 
number of attempts per students (A/S). 
Course S (%) A/S T/A (min) T/Q (min) Grade A S (%) A/S 
2015–2016 71.4 1.7 24 2.4 5.3 303 29.9 2.5 
2016–2017 73.3 1.7 22 1.9 6.6 285 35.3 1.6 
2017–2018 77.4 1.8 15 1.0 7.3 140 25.2 1.3 
Table 2 shows the number of students enrolled in each course, the average grades in different 
activities and the percentage of students who passed the exam in the first call. 
Table 2. Comparison of learning outcomes. 
Curso 2015–2016 2016–2017 2017–2018 
Number of enrolled students 42 69 52 
Grade in Moodle questionnaires 5.3 6.6 7.3 
Grade in guided tasks 6.8 7.4 7.7 
Grade in final exam (passed students) 6.5 6.2 6.4 
Students who did the exam (%) 90.7 91.3 90.4 
Students who passed the exam (%) 48.7 66.7 45.8 
5. Conclusions 
In the current paper, the data collected from the Moodle platform for the subject “Engineering 
Thermodynamics and Fundamentals of Heat Transmission” of the Degree in Engineering of 
Industrial Technologies at the University of Zaragoza were presented and analyzed in spreadsheets, 
and compared for the last three academic years with some learning success indicator. Some 
conclusions can be extracted from this study and some solutions are proposed to improve the 
learning outcomes in next courses. 
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• It is essential to reduce the possibilities of copying in the assessment tasks. 
• Regarding laboratory sessions, it could be useful to make a brief evaluation at the beginning of 
the session, being able to practice only the students who have actually prepared it. 
• As for guided tasks, the use of forms to introduce the results during this course has the advance 
of automating the correction, but it seems to have encouraged the fraudulent copy, since many 
more cases have been detected than in previous courses. It will be necessary to take coercive 
measures or design multiple cases to reduce it. 
• Although it is not really the role of the teacher, it seems necessary to remind the student the 
usefulness of non-compulsory resources such as videos, self-assessment questionnaires or 
summaries to carry out meaningful and effective learning. 
• Implementing an evaluation by rubrics so that the student has clear progress in the course, 
could be motivating but the teacher has to find an efficient way to manage them, since Moodle 
tool is not an acceptable option in large groups as for the case study [10]. 
Finally, it should be noted that the study would be more effective in predicting the success rate 
if the analysis of the data had been done per student, instead of using average values. However, this 
task is very time-consuming if automated tools are not available. 
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